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Design and Evaluation of Seamless and
Transparent Middleware.

This paper discusses various issues related to seamless and transparent middleware
design and evaluation. The research described here is part of the NOMAD project
which is aimed to develop and demonstrate middleware capable of seamlessly
integrate available and future technologies into a single integrated platform. The
project is currently in the system pilot and field trial stage. The general objective is to
test the adequacy of components of the system architecture. This paper
concentrates on user and usability issues; the main contribution is the description of
a new way to evaluate, from the end user’s point of view, the desirability of a mobile
device user interface in the context of seamless and transparent technology. The first
sample scenario to be studied was related to discovery and seamless combination
of services. Several test persons completed the scenario. Both qualitative and
quantitative research methods were be used in the study; the three major methods
were observation, interviewing and survey-questionnaire. Preliminary test results are
promising but they also indicate that some design adjustments to the NOMAD
service discovery client user interface will be necessary.
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Design and Evaluation of
Seamless and Transparent Middleware

Abstract
This paper discusses various issues related to seamless and transparent
middleware design and evaluation. The research described is part of the
NOMAD project which is aimed to develop and demonstrate middleware
capable of seamlessly integrate available and future technologies into a single
integrated platform. The project is currently in the system pilot and field trial
stage. The general objective is to test the adequacy of components of the
system architecture. This paper concentrates on user and usability issues; the
main contribution is the description of a new way to evaluate, from the end
user’s point of view, the desirability of a mobile device user interface in the
context of seamless and transparent technology. The first sample scenario to
be studied was related to discovery and seamless combination of services.
Several test persons completed the scenario. Both qualitative and quantitative
research methods were be used in the study; the three major methods were
be observation, interviewing and survey-questionnaire. Preliminary results
indicate that at least some design adjustments to the NOMAD service
discovery client user interface will be necessary.

1

Introduction

Universal assumption today is that in the near future different ad-hoc networks
will become very common and everyone will carry one or more mobile
network devices with them all the time. These devices will utilize different
networks and know their location. This means that the supply and demand of
different value added electronic services will probably grow exponentially.
These services will require user-friendly seamless and transparent
middleware (i.e. software that mediates between an application program and
a network).
In this paper I will present work in progress related to this area. The research
discussed is part of the NOMAD (Integrated Networks for Seamless and
Transparent Service Discovery) project that is funded by the European
Commission IST programme in the 5th Framework Programme. The aim of the
NOMAD program is to develop and demonstrate middleware capable of
seamlessly integrate available and future technologies, i.e. UMTS and WLAN,
as well as IP compatible multi-hop ad-hoc networks, into a single integrated
NOMAD platform. This employs new algorithms for the parallel use of multiple
access interfaces. The product to be designed in this project is seamless and
transparent middleware that gives network and value added service providers,

for example, the opportunity to carry out different business transactions. For
more information about the project, see http://www.ist-nomad.org)
The NOMAD project is currently in the system pilot and field trial stage. The
aim has been to implement the prototype NOMAD system at the end user
sites and to further refine the software based on the feedback from the trials.
The pilots are being held in three different European countries, namely
Finland, Germany, and Switzerland. Full-featured prototypes of the integrated
network and service discovery platforms have been installed and configured
at the end users sites, implemented according to the specifications and the
user requirements. A number of sample services based on the NOMAD
network and software platform have been specified and implemented on the
test-beds.

2

Related Work

In an earlier study, a methodology for defining user requirements [1]
especially for middleware was studied and developed. Middleware presents a
challenge to those defining user requirements because there may be many
different kinds of users of the technology [4]. In this earlier study, our
methodology was found suitable for categorizing the use traits that will be
used in the middleware product development process. The user-centred
analysis used in this study aimed to capture the requirements from the user’s
point of view [5]. The testing and validation of defined user requirements will
be integrated into the current phase of the NOMAD project.

3

Methods

The NOMAD project is currently in the system pilot and field trial stage. The
general objective of the trials is to test the adequacy of components of the
NOMAD architecture. The trials will be held in three different locations. The
sample scenarios will be same in every case but different aspects will be
studied in different places. The user-centric application service trial will be
held in Helsinki and technology platform trial in Bern/Basel. In addition, there
will also be internal tests in the University of Bremen.
The approach adopted in NOMAD trials follows the following steps [2]:
1. Definition of characteristic NOMAD technology usage scenarios.
Several sample scenarios must be designed in a way that they reflect
all the major areas of research in this project. The user requirements
and business model are mapped in these scenarios. However, the key
goal is to check the technical adequacy of the tools developed by the
project (i.e. the server/client components of integrated networks
middleware and service discovery mechanism).
2. Selecting the analysis methodology (evaluation criteria, indicators to
be used to measure end-users and stakeholders acceptance, means to
collect data for the analysis).

3. Collecting the data necessary to develop the analysis.
4. Conducting the analysis of the data; derive conclusions on technical
adequacy and end-user/stakeholders acceptance and document the
results.
This paper concentrates on the trials conducted in Helsinki, which will focus
on user and usability issues. The tests are utilizing the Usability Laboratory
located in Helsinki University of Technology (HUT).
3.1

Usability Laboratory Description

HUT Usability Laboratory consists of a testing room and a control room. The
contents of the testing room can be changed quite easily to match different
scenarios. People in the control room can monitor action happening in the
testing room through a one-way mirror (shown in Figure 1). They also control
the cameras and microphones. There are several cameras available that can
be placed around the scene. The camera on the roof (see Figure 1) captures
the actions of the user. Another camera captures the action from the
computer screen. The images from the cameras can be combined into a
single picture (see Figure 5 later) and stored for subsequent use. This way it
is very easy to later check and analyse different user reactions in relation to
the events in the screen.

Figure1: On the left: Testing room seen from the control room through a oneway mirror. On the left: Camera mounted on the roof.

3.2

First Sample Scenario

The methodology used for the definition of the trial activities is based on
carefully chosen scenarios that include all aspects of the research and
development conducted within NOMAD. The requirements derived from the
defined scenarios will then be processed and elaborated in order to produce a

superset of the technical features that need to be taken into account during
the final stage of the project. The aim is to implement the NOMAD system in
laboratory conditions and to further improve the system based on the
feedback from the trials.
The first sample scenario was related to discovery and seamless combination
of services. Transparent discovery of services and automatic configuration of
complex service packages is one of the two basic concepts of NOMAD. In this
scenario we follow a highly mobile user as she travels to a distant location
and attempts to make use of local services without any knowledge of the local
market. Supported both by the information in her profile, but also by the
powerful service discovery functionally in the NOMAD middleware the enduser automatically configures a composite service that suits her current needs
in order to achieve the desired result. Issues like transparent service
discovery and automatic composition are here the main focus.
3.2.1 Scenario Background Story
“Reingard Peters a consultant that spends much of her time travelling across
Europe is on a business trip. Mrs. Peters is staying at a local hotel in the city
where her customers’ headquarters are located and is making some last
preparations for the presentation she is going to hold the next morning. After
having set up her equipment she realises that the portable projector she has
brought with her is out of order. The device has been so reliable up till now
that she has unfortunately stopped printing slides as a precaution a long time
ago. Mrs. Peters decides to try and find a shop on a short notice that will print
her presentation in high quality slides. In order to accomplish this she uses
her laptop, PDA or mobile phone to execute a service discovery query. She
specifies that she needs a colour printer able to print on transparencies and
that is not located any further that one kilometre from her current location. The
system then locates all available studios or service providers that offer this
kind of service, selects the ones that are currently available and presents
them to her. Mrs. The system then automatically selects a courier service,
provides it with all the necessary data and arranges for the transparencies to
be picked up and delivered at the hotel.”

Figure 2: Transparent discovery of composite services.

3.3

Research methods

In the pilots, the adequacy of the components of the NOMAD architecture will
be tested. There will be several test persons who will complete the sample
services. Both qualitative and quantitative research methods will be used in
the study. The three major methods will be observation, interviewing and
survey-questionnaire. The test users will be monitored and their actions
recorded. The main challenge and research question in this phase of the
project is how to design the NOMAD system and user interface so that the
users experience it to pleasant to use even thought the underlying technology
is transparent and seamless. The following sections will describe how the first
sample scenario was implemented in HUT Usability Laboratory as well as
discuss about the evaluation criteria.
3.3.1 Test-bed Specification
In sample scenario 1 (Discovery and seamless combination of services), the
Usability Laboratory was staged to look like a typical hotel room (e.g. bed,
table, etc.). Both WLAN and GRPS connections were be used and compared.
The server database contained a lot of simulated data where the user could
look for desired service.
The NOMAD service discovery client used here is developed in Java 1.1.8.
The client runs on Windows and Linux machines (laptops or PDAs). The client
is the module responsible for finding, displaying and configuring the desired
services based on the wishes of the customer. This software resides on the
mobile client and queries the Service Discovery Middleware over the
integrated network platform in order to gather the necessary data on available
services. User preferences are stored locally and are automatically selected.
The user can easily change previously defined preferences through the

preferences editor. Some snapshots of the NOMAD client UI are shown in the
following pictures.

Figure 3: Available services and Preferences editor pages of the UI.

Figure 4: Preferences editor and Result pages of the UI.

20 different people were recruited from the university to serve as test users.
Each user read the background story and then completed the task described
in it. Whole session was monitored and user’s actions recorded for later
analysis. This scenario was tested with a laptop and a PDA device (Sharp
Zaurus 5500), so that we were able to compare the results and see if there
emerges any significant difference between the devices.

3.3.2 Evaluation Criteria
This section describes how the first sample scenario is to be evaluated in
HUT Usability Laboratory. As was mentioned earlier, both qualitative and
quantitative research methods were used in the study. The three major
methods were observation, interviewing and survey-questionnaire. The test
users were monitored and their actions recorded (see Figure 5). The times to
complete the task were measured (how many errors does the user perform
during the process; how fast the user managed to complete the whole
process; how was the completion time divided between different tasks).
Possible delays, for example related to network changes, were also
calculated and analysed. All the subjects were interviewed with a semistructured interview and their opinions and attitudes towards this technology
were investigated with a questionnaire developed especially for this purpose.
The evaluation of sample scenario 1 focused on following three issues:
•
•
•

Usability – User perception on easiness of use of the system.
User Satisfaction – User perception on quality of service of the system.
System responsiveness – Thresholds on traffic load, delays, etc.

The heuristic evaluation and analysis were based primarily on Nielsen’s
usability heuristics [3] and “TOG” principles of interaction design [6]. In most
cases the NOMAD system follows all the desired principles. However, the
evaluation still revealed some important issues that need to be addressed.

Figure 5: Evaluation study in progress. 4 cameras combined into single image.

4

Results

Preliminary results from the evaluation study indicate that at least some
design adjustments to the NOMAD client user interface will be necessary. The
problematic issues have been categorized into three different levels of
importance:
•

•

•

Major problems: Very serious errors that can crash the program
and/or cause unnecessary confusion and irritation to the users. These
must be fixed in the final version of the system. Examples of major
problems found include following:
o Names of actions and other concepts must be clarified; currently
they are somewhat unclear and difficult to understand.
o The interface must report possible mistakes and error situations
more thoroughly. Even though the middleware is seamless and
transparent in these cases it must notify the user of its existence
and the current state.
o GPS-related information and selection is currently presented in
a very confusing way, which will likely cause undesired results.
o The actions must be grouped more clearly.
Minor problems: Issues that may cause little confusion to the users
and/or slow the learning process. These are not so critical things, but
should still be fixed in the final version if possible. Examples of minor
problems found include following:
o The interface should give more instructions and feedback to the
user in different situations.
o Tangled tree-structure in the Results-page must be redesigned.
o There are currently too much optional text fields; the user does
not necessarily know what to write and where. They must be
redesigned and possibly replaced with top-down menus.
Little things: Mostly just nice-to-have features. These will be
implemented if there remains enough time. Examples of little things
found include following:
o We should increase the number of visual indications, use more
icons etc.
o We should use more colors, e.g., to categorize similar issues in
the user interface.
o We should add possibility to adjust the font size.

Most of the problems found so far are related to the rather small display of the
PDA. It is quite difficult to fit all the relevant information and possible choices
to a little screen in a way that it is still easy for the user to get the whole
picture (see for example Figures 3 and 4). There are still several design
issues that we must solve for the final version of the system. However, we
were pleased to found out that most of the users were quite satisfied with the
service provided and commented that the general idea was very promising.
This kind of automated service discovery could be used for example on
business trips or holidays; it could also be useful to older people and people
with disabilities (people with hearing difficulties etc.).

5

Conclusions

Evaluating middleware is difficult. The biggest challenge is how to design the
system and user interface so that the users experience it to pleasant to use
even thought the underlying technology is transparent and seamless.
But we seem to have been able to define a successful way to evaluate, from
the end user’s point of view, the desirability of a mobile device user interface
in the context of middleware technology. The preliminary results from our
evaluation study show that our approach and methodology is suitable for
categorizing the design issues that will be used in the middleware product
development process.

6

Future Work

In the near future we aim to continue the trial phase and the evaluation study
with two other sample scenarios. They are described in detail in [2], following
is a short summary:
•

Scenario 2 (Mobility in integrated networks)
The second scenario focuses on broadband applications at the highest
available quality provided in an uninterrupted fashion by a
conglomeration of bearer technologies. The scenario follows a
broadband user on his journey through various environments while the
user all the while takes part in a videoconference. Issues like
transparent roaming, usage of multiple interfaces simultaneously in
order to balance the load and selection of interfaces based on different
criteria are highlighted in this scenario.

•

Scenario 3 (Device mobility)
The third scenario attempts to demonstrate the combined usage of the
NOMAD middleware and client components by describing the usage of
transparent service discovery mechanisms over an integrated network
platform. Concepts and applications highlighted here are constant bestavailable connectivity, Internet hotspots providing higher level of
bandwidth on a local level, ad-hoc networking between personal
devices, transparent discovery of services provided by Service
Providers or Devices, as transparent deployment of services offered by
an individual or a device. An additional factor here is the issue of
device mobility as opposed to user mobility. This scenario provides a
superset of all the previously identified user requirements.

The final results of these studies are expected to be ready by the end of July
2004.
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